The present study was undertaken to explore the possible biochemical activities of Hyaenanche globosa Lamb. and its compounds. Two different extracts (ethanol and dichloromethane) of four different parts (leaves, root, stem and fruits) of H. globosa were evaluated for their possible antibacterial, anti-tyrosinase and anticancer (cytotoxicity) properties. Two pure compounds were isolated using column chromatographic techniques. Active extracts and pure compounds were investigated for their antioxidant effect on cultured HeLa cells. Antioxidant/oxidative properties of the ethanolic extract of the fruits of H. globosa and purified compounds were investigated using reactive oxygen species (ROS), ferric-reducing antioxidant power (FRAP) and lipid peroxidation thiobarbituric acid reactive substance (TBARS) assays. The ethanolic extract of the leaves and fruits of H. globosa showed the best activity, exhibiting a minimum inhibitory concentration (MIC) of 3.1 mg/ml and a minimum bactericidal concentration (MBC) of 1.56 and 6.25 mg/ml, respectively, against Mycobacterium smegmatis. The ethanolic extract of the fruits of H. globosa (F.E) showed the highest percentage of inhibitory activity of monophenolase (90.4% at 200 µg/ml).
a narrow endemic plant and is restricted to a single flat-topped mountain near Van Rhynsdrop in southern Namaqualand. This plant is the single species of Hyaenanche. It is a small, rounded tree, with dark green, leathery leaves, characteristically arranged in four along the stems. Male and female flowers are both small and occur on separate trees. The fruits are large rounded capsules with several segments. Hyaenanche is a
Greek word for hyena poison and was chosen because the fruits were formerly used to poison carcasses in order to destroy hyenas and other vermin. This plant contains several toxic sesquiterpene lactones, such as, tutin, mellitoxin, urushiol III and isodihydrohyaenanchine. Its main toxin, tutin, is known to cause convulsions, delirium, and coma in humans (Hasani-Ranjbar et al., 2009; Van Wyk et al., 1997) .
Pigmentation has become an important phenotypical characteristic, in the pharmaceutical, medicinal as well as in the cosmetic field. Plants and their extracts are inexpensive and rich resources of active compounds that can be utilized to inhibit tyrosinase activity as well as melanin production. Natural and synthetic chemical agents can frequently modulate the metabolism of pigmentation produced. The methanolic extract of the aerial parts of H. globosa exhibited significant inhibitory effect on the monophenolase and diphenolase activated forms of tyrosinase in vitro (Momtaz et al., 2008) . Therefore, it was decided to prepare different extracts from this species to investigate the possible biological activities of the plant.
Numerous physiological and biochemical processes in the human body may produce oxygen-centered free radicals and other reactive oxygen species as byproducts.
Overproduction of such free radicals can cause oxidative damage to biomolecules (e.g. lipids, proteins, DNA), eventually leading to many chronic diseases, such as atherosclerosis, cancer, diabetes, aging and other degenerative diseases in humans (Halliwell, 1994; Poulson et al., 1998) . Ames et al., (1995) expressed oxidative injury might induce gene mutation and promote carcinogenesis. In opposition, oxidative injury can lead to cell death (apoptosis). Oxidative stress can modulate the apoptotic programme (Bjelakovic et al., 2004; Fruehauf and Meyskens, 2007) . The role of plant extracts and natural purified compounds in alteration of pro-oxidant status in cancerous cell lines has described scantily in past. This study aimed to investigate whether the experimental samples would increase the scavenging of free radicals, so suppress the growth of tumors or excess the level of oxidants and lead to cell death (apoptosis)? The pro-oxidant/antioxidant activity of samples was measured using: Based on the reported ethnobotanical information about the poisonous properties of the fruits of H. globosa (Van Wyk et al., 1997) , it was considered that the other parts also might have the same effects. To explore the possible bioactivities of this species, two different extracts (dichloromethane and ethanol) of fruits, leaves, roots and stem were prepared separately.
Preparation of plant extracts
The H. globosa (leaves, roots, stem and fruits) materials were collected from the 
Antibacterial bioassay
The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the extracts were determined against Mycobacterium smegmatis (MC 2 155, American Type, USA Culture Collection) as described previously (Mativandlela et al., 2007; Mativandlela et al., 2008) . The sample extracts were dissolved in 10% dimethyl sulfoxide (DMSO) in a sterile Middlebrook 7H9 broth base, to obtain a stock concentration of 50.0 mg/ml. Serial two-fold dilutions of each sample to be evaluated were made with 7H11 broth, to yield volumes of 200 µl/wells, with final concentrations ranging from 12.5 mg/ml to 0.390 mg/ml. The highest percentage of DMSO (10%), which was not toxic to bacteria, was used in this assay. Ciprofloxacin at a final concentration of 0.156 mg/ml, served as a positive drug control. 
Inhibition of tyrosinase activity and DOPA auto-oxidation
This assay was performed using methods as described earlier (Curto et al., 1999; Nerya et al., 2003) . The extracts were dissolved in DMSO to a final concentration of 20 mg/ml. This extract stock solution was then diluted to 600 µg/ml in a 50 mM potassium phosphate buffer (pH 6.5). The extracts were tested only at two concentrations, 20 and 200 µg/ml, for their inhibitory effect on the monophenolase and diphenolase activated forms of tyrosinase in vitro. Arbutin and kojic acid (positive controls) were also tested at the above-mentioned concentrations. In a 96-well plate, 70 µl of each extract dilution was combined with 30 µl of tyrosinase (333 units/ml in phosphate buffer) in triplicate.
After incubation at room temperature for 5 minutes, 110 µl of substrate (2 mM L-tyrosine or 12 mM L-DOPA) was added to each well. Incubation commenced for 30 minutes at room temperature. The optical densities of the wells were then determined at 492 nm with the BIOTEK PowerWave XS multi-well plate reader (A.D.P., Weltevreden Park, South Africa).
Isolation of active constituents
The ethanolic extract of the fruits of H. globosa (F.E) exhibited the highest cytotoxicity effect of HeLa cells compared to the other extracts. The ethanolic extract was selected for the isolation and identification of active principle(s). One thousand two hundred (1,200) grams of air-dried fruits of the plant were milled into a fine powder using a commercial grinder. The powder was extracted thrice, each time with 3 L of ethanol at 50°C for 24 hours. The combined ethanol extract was filtered and the filtrate was concentrated to dryness under reduced pressure in a rotary evaporator.
The dried ethanolic extract of the fruits of H. globosa (70 g) was re-dissolved in 80% ethanol (ethanol/distilled water; 75:25) and partitioned with n-hexane and ethyl acetate.
The organic layers were evaporated to dryness at 40°C to give 22 g, 28 g and 18 g of nhexane, ethyl acetate and aqueous fractions, respectively (Appendices A.1). The bioassay of these fractions of H. globosa showed that the n-hexane fraction demonstrated the highest inhibition of cell growth/proliferation (82% at 100 µg/ml) in the HeLa cells. It was therefore subjected to fractionation on a Silica gel column LH-20 (7×50 cm) using a gradient of n-hexane: ethyl acetate of increasing polarity (0 to 100% ethyl acetate). Forty-two fractions were collected and those with similar thin-layer chromatography (TLC) profiles were combined. TLC plates were developed using (nhexane: ethyl acetate; 9:1) as eluent. Acidic vanillin was used as a detecting agent.
Fractions exhibiting similar TLC profiles were combined together to provide 14 major fractions (1B to 14B) (Appendices A.1).
The pure compound 'tutin 1' was crystallized from 12B spontaneously (white hairy crystals, yield: 456 mg; 0.038%) ( 
Cytotoxicity
The cytotoxicity of the different extracts of H. globosa and the isolated compounds from the ethanolic extract of fruits ('tutin 1' and 'hyenanchin 2') was assayed using the MTT cytotoxicity assay with modifications (Mosmann, 1983; O'Brien et al., 2000) (Appendices C.1.3). The cells (3×10 4 ) were plated in 500×1 of medium/well in 48-well plates (NUNC Cell Culture Flasks, Roskilde, Denmark). After an overnight incubation at 37°C, in 5% CO 2 , and a humidified atmosphere, the extracted samples were added to the cells to a final concentration of 500 µg/ml. 'Metotherexate' (positive control) and pure compounds were examined at concentrations ranging from 5, 10, 20, 40, 80 and 100 µg/ml. The plates were incubated at 37°C, in 5% CO 2 , humidified atmosphere, for 48 hours. After 48 hours, 50 µl of 5 mg/ml MTT (dissolved in PBS) was added per well. After three hours of incubation, the MTT solution was removed and the cells were washed with 100 µl of PBS, twice. One hundred and fifty microlitres of DMSO was added per well, to solubilize the formazan crystals. The optical densities of the wells were then measured at 570 nm (690 nm
Hyenanchin reference wavelength). By referring to the control (medium with DMSO), the cell survival was assessed.
Measurement of radical scavenging capacity (RSC)
The method of du Toit et al., (2001) was followed with some modifications. The radical scavenging capacities of the samples were determined by using a Synergy4 BIOTEK multi-well plate reader (BIOTEK, Vermont, USA) after 15 and 30 minutes at 550 nm.
The antioxidant activity of samples was reported as the percent inhibition of DPPH activity (Appendices C.3.1-C.3.2).
Preparation of cells for ferric-reducing antioxidant power (FRAP) and lipid peroxidation thiobarbituric acid reactive substance (TBARS) assays
As mention earlier (section 2.3.7), HeLa cells (1X10 6 ) were seeded in 25-cm 2 cell culture flasks (Falcon) (NUNC Cell Culture Flasks, Roskilde, Denmark) in a minimum essential medium RPMI 1460 (Gibco, Paisley, UK), until nearly confluent. After an overnight incubation at 37°C, in 5% CO 2 , and a humidified atmosphere, F.E was added to the cells to form final concentrations of 12.5-400 µg/ml. 'Tutin 1' and 'hyenanchin 2'
(isolated pure compounds) were examined at concentrations ranging from 5, 10, 20, 40, 80 and 100 µg/ml. The plates were incubated at 37°C, in 5% CO 2 , and a humidified atmosphere for 48 hours. Thereafter, the medium was removed and 2 ml of 'trypisin' was added to each flask to harvest the cells. The cells were centrifuged at 2000 rpm for five minutes and were resuspended in PBS, twice. The pellets were used for FRAP and TBARS.
Ferric-reducing antioxidant power assay (FRAP)
Following the procedures as described by Dehghan et al., (2007) the total antioxidant capacities of (F.E), 'tutin 1' and 'hyenanchin 2' were determined by measuring the ability of the medium to reduce Fe 3+ to Fe 2+ . The complex between Fe 2+ and TPTZ gave a blue color, with absorbance at 593 nm (Appendices C.2).
Thiobarbituric acid reactive substance assay (TBARS)
Assay of TBARS is the method of choice for screening and monitoring lipid peroxidation, a major indicator of oxidative stress. To precipitate the cell's proteins, 500
µl of trichloroacetic acid (TCA) 20% (m/V) was added into 100 µl of the sample, which was then centrifuged at 1500 rpm for 10 minutes. Then 500 µl of sulfuric acid (0.05 M) and 400 µl TBA (0.2%) were added to the sediment, shaken and incubated for 30 minutes in a boiling water bath. Subsequently, 800 µl of n-butanol was added and the solution was centrifuged, cooled, and the supernatant absorption was recorded at 532 nm, using a Synergy4 BIOTEK multi-well plate reader (BIOTECK, Vermont, USA). The calibration curve was obtained using different concentrations of 1,1,3,3tetramethoxypropane as a standard to determine the concentration of thiobarbituric acid/malondialdehyde (TBA/MDA) adducts in samples (Sarkheil et al., 2007; Satho, 1978) . Data were normalized by dividing the TBA content on 'HeLa cells' survival in related concentrations of samples.
Measurement of intracellular reactive oxygen species
This assay was performed using methods as described by Yong Sun et al., (1999) ; Kojic acid significantly showed 100% inhibition of monophenolase activity at 200 µg/ml (P< 0.01), while arbutin exhibited 32.4% anti-tyrosinase activity (P< 0.01).
The inhibition of L-DOPA auto-oxidation was determined as 83.3% and 0% by Kojic acid and arbutin, respectively (Table 2. 3). In our previous study, the methanolic extract of the leaves of H. globosa showed 92% and 42% inhibition of monophenolase and diphenolase activities at 500 µg/ml, respectively (Momtaz et al., 2008) . Another publication reviewed, Glycyrrhiza glabra, Morus alba and Gastrodia ellata (80% ethanol extract), which showed 65%, 68% and 85% tyrosinase inhibition at the concentration of 333 µg/ml, respectively (Lee et al., 1997) . In recent years, the anticancer property of various sesquiterpene lactones has attracted a great deal of interest and extensive research has been carried out to characterize the anticancer activity, the molecular mechanisms, and the potential chemotherapeutic application of them (Zhang et al., 2005 et al., 2007) . The literature review showed an epileptogenic action by tutin, derived from Coriaria Lactone (a mixture that has been used to establish animal models of epilepsy) in rats, demonstrating that tutin is a potent convulsant (Zhou et al., 2006) . Hall, (1978) found that tutin and hyenanchin were present in common foods, such as potatoes, rice, carrots and honey. Their safety depended on the amount of 'tutin 1' and 'hyenanchin 2' present in the food. The bioactivities that are reported in this study are novel, and to the best of our knowledge there are no other multi-sides about H. globosa that have been studied to date.
'Tutin 1' and 'hyenanchin 2' did not show any significant reduction on cell viability/proliferation on the tested cell lines (Appendices A.6-A.7). The IC 50 value of 60 µg/ml was observed for all samples in the 'HPLF' normal control cells ( Only few investigations have been performed that led to the isolation of a few active principles of this plant. As mentioned before, H. globosa contains several toxic sesquiterpenes, such as, tutin, mellitoxin, urushiol III and isodihydrohyaenanchine (Corbella et al., 1969; Hasani-Ranjbar et al., 2009; Van Wyk et al., 1997) . Several studies have reported that tutin is the major neurotoxin in the New Zealand shrubs of the genus Coriaria. Kinoshita et al., (2005) succeeded in isolating 'tutin' from the acetone extracts of achenes separated from the Coriaria japonica berries. The hydroxy derivative 'hyenanchin' (also called mellitoxin) is a major active component in toxic honey (Perry et al., 2001; Porter, 1969; Sutherland, 1992) . MB435 and K562 (Costa et al., 2008) . Sayyah et al., (2002) described that the essential oil of the leaves of Croton flavens exhibited IC 50 values of 27.4 µg/ml for A-549 (human lung carcinoma) and 28.3 µg/ml for DLD-1 (human colon adenocarcinoma). In another study, two fractions of Myrica gale (60-minute and 30-minute fractions) were assessed against A-549 and DLD-1. The 60-minute fraction showed higher anticancer activity against both tumor cell lines with an IC 50 value of 88.1 µg/ml. The 30-minute fraction had an IC 50 value of 184.4 µg/ml for A-549 and 160.3 µg/ml for DLD-1. The higher cell growth inhibition induced by the 60minute fraction, as compared to the 30-minute fraction, could be due to sesquiterpene enrichment (Sylvestre et al., 2006) . (Fig 2.2.a) . 'Tutin 1' showed the highest antioxidant activity (50% inhibition of DPPH at the highest concentration tested after 30 minutes) which was followed by 'hyenanchin 2' (less than 35% antioxidant activity at all the concentrations tested). The amount of DPPH discoloration increased along time with both compounds (Fig 2.2.b ).
The mean FRAP in the control cells were 399.6 µmol/L, reaching 170.7 µmol/L, in treated HeLa cells by F.E (P< 0.01) (Fig 2.3) . Treatment of cells with pure compounds could not decrease the cell TBARS, significantly (P< 0.01) (Fig 2.4) . As a standard for an ROS assay (to compare the production of ROS), we first tested H 2 O 2 to explore the concentration-response relationship of the exposed cells. Figure 2 .5 shows that the levels of ROS detected with the fluorescent dye DCFH-DA in the HeLa cells demonstrated an enhancement with time in all the samples. Among pure compounds, the ROS level did not seem to jump up very much further than the control, but F.E exhibited a very good level of ROS production at 400 µg/ml.
CONCLUSION
In summary, in spite of our great expectation about the toxicity of pure compounds isolated from the ethanolic extract of the fruits of H. globosa ('tutin 1' and 'hyenanchin 2'), they did not show any significant cytotoxic effects on the examined cancer cell lines, while the crude extract was well known for its poisonous effects. The poisonous effect of this plant could be due to the activity of the compounds that were not isolated yet. It could be concluded that the ethanolic extract of the fruits of H. globosa showed significant anti-tyrosinase, antibacterial and cytotoxic effects, therefore, it could be considered as an effective inhibitor alone or in combination with the other plant extracts. Although the data are still inconclusive and further scientific attempts are needed to confirm the traditional information or to investigate the novel medicinal aspects of this plant. A further study aims to determine the anticancer properties of other major constituents of H. globosa, as well as identify the unknown compounds required to fully understand its bioactivity. 
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